RAPHENE nano-sheets (GNS) and cationic surfactants (S1&S2) are utilized for nickel composite coatings electrodeposition. They have a significant role in increasing the corrosion resistance of these coatings. A use of Nickel watt's bath with the addition of GNS as reinforcement material and different surfactants for nano-composite coatings deposition (Ni-GNS) are considered and the outcomes have been examined and discovered. Electrochemical techniques are utilized for examining the corrosion resistance for samples of nano-composite coatings in 0.6 M NaCl. The results suggest that the content of incorporated GNS increases with increasing the extent of GNS in plating bath. All of the Ni-GNS nano-composite layers in presence of surfactant have better corrosion resistance than the nickel coating. The best corrosion resistance value of about 64 kΩ cm 2 and relatively highest hardness value of 509 Hv for the composite coating electrode of Ni-GNS/with S1 are in comparison with the rest of nanocomposite coating electrodes or pure Ni coatings.
Introduction
Deposited Ni are utilized expansively in numerous requests such as aerospace, automotive industry for steel plating, marine, mining, agriculture, nuclear fields, dyes, in the creation of musical instruments and small aircraft microelectronics. It is also utilized in micro electromechanical systems, precision engineering, medical device due to high corrosion resistance and mechanical properties [1] . The coatings formed by electroplating have characteristics generally based on the bath chemical components, temperature, applied current, additives, reinforcement and pH value [2] . Moreover, high ionic conductivity of electrolyte in electroplating bath makes particles tend to get agglomerated [3] . Ni coatings can enhance the amount and the distribution of co-deposited particles by adding organic materials like surfactants and inert ceramic particles (reinforcement) in an electrolytic bath [4] [5] [6] . The reinforcement in the Ni plating bath makes recrystallization of the metals [7] . GNS is a material that can be utilized in numerous disciplines including: bioengineering, composite materials, energy technology and nanotechnology. It is a two-dimensional nano-sheet of carbon surfactants (S1&S2) on the amount of GNS codeposited with Ni on brass substrate and its corrosion resistance in 0.6M NaCl electrolyte.
Experimental

Chemicals and material
Natural graphite fine powder extra pure with particle size <50 µm (merck) was utilized to synthesize GNS. Pure ammonia solution (33% Fluka) was utilized for pH modification. H 2 SO 4 (95-97%), NaNO 3 (from -Sigma-Aldrich-), H 2 O 2 (30%-Alpha Chemika) and KMnO 4 analytical grade were utilized.
Preparation of GNS.
Hummers' method as reported in literature [21, 22] was used for preparing GNS.
Electrodeposition process
Pure Ni and Ni-GNS coats were deposited on brass sheet; each has dimensions of 64 mm × 40 mm × 0. 4 BO 3 at 50ºC and at pH= 4.5. Pure Ni metal is denoted as the anode and brass slides were utilized as cathode. After electroplating process brass surface must be treated from oils, greases and rust: polished brass surface using different grade of emery papers to get refined and lustrous surface, then degreased by dipping in an alkaline solution (NaOH, Na 3 PO 4 and Na 2 CO 3 ) at 70 °C, and it was rinsed with distilled water. Then it was droped in 10% HCl to remove the residual (pickling). After that it was washed with distilling water and dried. Finally, the electrode was ready to electroplating process. The pH value of electrolyte adapted 4.5 by using ammonia solution and/or 10% H 2 SO 4 . Different operating conditions were tested to prepare the specimens. The electrodeposition process was operated at different current densities (c. ). Different concentrations for two types of cationic surfactants were used: Nonyltrimethyl ammonium bromide, S1 (Scheme 1 a) and Dodecyl trimethyl ammonium bromide, S2 (Scheme 1 b) Scheme 1. Molecular structure of a) Nonyltrimethyl ammonium bromide (S1) and b) Dodecyl trimethyl ammonium bromide (S2).
Thickness measurement.
The thickness Gauges are used to measure the coating layer thickness (Qnix® 8500, automation Dr.nix, GmbH, Germany). The thickness was measured at several places on the specimen and the average value was obtained.
Electrochemical measurements
The electrochemical characteristics are investigated by two different techniques: potentiodynamic polarization Tafel lines and EIS in 0.6 M NaCl electrolyte. All electrochemical measurements were investigated using electrochemical EC-Lab Bio-Logic SAS, Software Version 10.38, Model: VMP3. A typical three-electrode glass cell was used. The working electrodes were brass, electrodeposited Ni/brass, Ni-GNS/brass and Ni-GNS with S1&S2/brass, surface area exposed to electrolyte solution was 2.0 cm 2 . The reference electrode was Hg/Hg 2 Cl 2 / Cl − (SCE) and the auxiliary electrode was a platinum slide. 0.6M NaCl solution prepared using triply distilled water. Polarization tests were performed after reaching E corr and EIS measurements were done in the frequency range of 100 kHz-100 mHz with an amplitude of 10 mV at the open circuit potential. The electrode potential was endorsed to become stable for 30 min before measurements. All experimentations were supported at room temperature in air.
Surface characterization using (SEM-EDX) system.
Scanning electron microscopy (SEM, JEOL-JSM 6060 LV) was used to observe the surface morphology of the deposits. Moreover the elemental analysis of the deposited layer was studied using Energy dispersive X-ray system (EDX) model JEOL, JSM-5410.
Mechanical properties.
As stated in reference [24] .
Adhesion properties of the codeposited coatings were carried out using the cross-cut method (scratch test method) and classification according to ISO specification 2409.
Results and Discussion
Effect of current density (c.d.)
Current density is the main parameter controlling the deposition rate which in turn affect the composition and the morphology of the coating layer and the concentration of integrated reinforcement of the coatings. It also influences the thickness of the composite film, in the way that, as the c.d increases, the thickness of the coatings increases as well reaching an optimum value. Electrodeposition process consists of nucleation, growth mechanisms and thickening of the primary layer. The nucleation boosted by high c.d. contrastive from the growth process [25] .
The data of c.d. effect tabulated in Potentiodynamic polarization measurements were achieved in the range from -1.30 V to -0.35 V vs. SCE, at a scan rate of 1.0 mV s -1 in 0.6M NaCl, where the corrosion rate (C.R.) is proportional to the corrosion current density. Polarization parameters (i corr , E corr , β a and β c ) are given in Table  2 (a&b) and measured as reported in our previous work [26] . C.R. is calculated from: C.R. = ( i corr . K. EW)/d.A, Where i corr is the corrosion current (in ampere), K a constant that defines the units of the C.R (3272 mm/ A cm y), EW the equivalent weight (in g/equivalent), d the density (in gcm -3 ) and A the sample area (in cm   2 ). The C.R. value for the tested coated alloy has minimum value (0.00323 mmy -1 ) at 30 mA cm -2 and at the same c.d, C.R. increases with immersion time from 1hr to 672hrs (Table 2 a&b, Fig. 1 a&c) . So, 1h immersion is preferred. Figure 2 (a-c) represents Bode, phase angle and Nyquist (in situ) plots of Ni coatings at 30 mA cm -2 on brass substrate with different immersion times (1hr, 336hrs and 672hrs) in 0.6 M NaCl. The semicircle depresses highly with increasing time denoting a high resistance at 1 hour. The best model fits the experimental data ( Fig. 3) is two time constants: R s is the solution resistance, Q out and R out are the impedance response to capacitance and resistance due to the coating, and finally Q inn and R inn are capacitance of the double layer and resistance to the charger transfer. A constant-phase element (CPE) is utilized in place of the ideal capacitance to explain the non-smooth surface [27] .
, where −1 ≤ n≤ 1. The value of n is due to non-smooth surface. From the data (Table 3 a-c), it is clear that at different c.d., the best total resistance, R out +R inn (R T ), values for Ni coated on brass without GNS is at c.d. 30 mA cm -2 as achieved by all other utilized techniques through this work. The next sessions illuminate the effect of different operating conditions on the nanocomposite coating products at 30 mA cm -2 .
Effect of graphene concentration (GNS)
The surface morphology for pure nickel slide without any modification was imaged using SEM microscopic analysis at Fig. 4 a. The effect of adding different concentrations of GNS at 30 mA cm -2 have been investigated through SEM analysis (See supplementary data Fig. 1 a-c Fig. 1 d) .
EIS tests are performed in 0.6M NaCl solution to study the anti-corrosion properties of the composite coatings obtained at different immersion times [12, 28] . Figure 2 a-c. exemplified the Bode, phase angle and Nyquist (in situ) plots of substrate and composite coatings prepared at 30 mA cm -2 without and with 0.2g L -1 at different immersion times. It proved that the pure Ni coatings exhibited poor corrosion resistance property than Ni-GNS coating. Moreover, the coating deposited at 0.2 gL -1 GNS have higher impedance than the coating deposited in nonexistence of GNS. Meanwhile, the obtained EIS spectra of coatings deposited in absence of GNS showed narrow semicircles. In fact, the diameter of the semicircles decides the anti-corrosion property of coatings and the larger diameter ensures the better corrosion resistance [12] .
THE IMPACT OF CATIONIC SURFACTANTS ON THE ELECTRODEPOSITION ... Potentiodynamic polarization data (Table 2 a&b, Fig. 1 a&c) confirms the results of EIS (Table  4 a-c). Addition of 0.2 gL -1 GNS decreases C.R. from 0.00323 to 0.00216 after 1hr and increases it slightly to 0.0037 mm.y -1 after 672 hrs. Figure 5 denotes a decrease of C.R. and an increase of R T on different immersion times which also can be explained by a reduction of metallic surface that can be accessed to the corrosive ambience [29] . R T , increase from 12.005 KΩ cm 2 (in nonexistence of GNS) to 66.270 KΩ cm 2 (in existence of 0.2gL
GNS) at 30 mA cm -2 after 1hr immersion. After 672 hrs, R T decreases (Table 4 a-c).
The factors responsible for improving C.R. may be the uniformly distribution of GNS lamina which fills the micro punctures an incisions in the Ni matrix, homogeneous dispersion of GNS during the deposition process and inert physical hindrance feature of GNS are responsible for improved C.R. [12, 28] .
Effect of surfactants
Two different surfactants are used to improve the deposition and coating properties: Nonyltrimethyl ammonium bromide, S1 (Scheme 1 a) and Dodecyl trimethyl ammonium bromide, S2 (Scheme 1 b).
The thickness data tabulated in Table 1 SEM as well as EDX analysis performed to study the effect of adding different concentrations of both surfactants (S1&S2). For S1 Fig. 2 (a-c) (See supplementary data) we can see the change of the morphology for each slide on adding different concentrations of S1. These additions make enhancement for the amount of deposit GNS on the surface at optimum concentration of S1= 400 ppm (Fig. 4 c) and (Fig. 2 d at supplementary data) In the same way, for S2 (Fig. 3 a-c) (See supplementary data) we can also notice a similar change for each slide on adding different concentrations of S2. From these analyses, the optimum concentration for S2 could be found at 300 ppm (Fig. 4 d) and (Fig. 3 d at supplementary  data) The polarization results ( Table 2 a&b) reveal that, adding different concentrations of S1 (300, 400 and 500 ppm) in existence of 0.2 gL -1 GNS at 30 mA cm -2 increase the R T and decrease C.R. of the coating layer in 0.6M NaCl. The optimum concentration of S1 is 400 ppm which corresponding to maximum R T and minimum C.R (Fig. 1 b&d) .
Moreover, in case of using S2 (200, 300 and 400 ppm), the optimum concentration is 300 ppm which corresponding to maximum R T and minimum C.R. Comparing to the data of S1 and S2, it is clear from EDX analysis data (Table 1 c&d) that, the wt% of GNS is maximum for S1 at 400 ppm and for S2 at 300 ppm. Figure 2 a-c. represents the Bode, phase angle and Nyquist (in situ) plots of substrate and composite coatings prepare at 30 mA cm -2 and with 0.2gL -1 at different immersion times. It proves that the Ni-GNS coat exhibit poor corrosion resistance property than Ni-GNS/ with S1&S2 coats. Moreover, the coating deposit at 400 ppm S1 has higher impedance than coating deposit in absence of S1. Meanwhile, the obtained EIS spectra of coats deposit in absence of GNS show narrow semicircles. Zeta potential is acute for avoiding collection and hanging nanoparticles into the electrolytes as informed by others [30] . For GNS of -ve zeta potential, adding cationic surfactant results in increasing surface +ve charge with increasing its concentration, preventing sheets agglomeration and decrease sedimentation.
As demonstrated in Fig. 5 , the absolute zeta potential of GNS becomes of higher -ve charge, increasing the repulsive electrostatic force amongst the sheets. So, the extent of GNS increases and extra molecules will act as an electrolyte, increasing the ionic strength of the bath [15] , constructing smaller multilayer, decreasing electrostatic repulsion and increasing agglomeration. Figure 5 exemplifies zeta potential measurements vs. pH, increasing -ve charge of zeta potential leads to suspending more GNS into the electrolyte and more co-deposition on the plated layer. Zeta potential has a higher negative value of -−13.0 mV at pH 4, thus negative potential value helps in adsorption of surfactants on the Ni-GNS nanocomposite. Due to the existence of mechanical agitation, transport of the GNS to the cathode surface occurs by the fluids flux to the cathode. Then, they will hold on the cathode surface by the extrinsic force and be included by the deposited metal [31] .
Therefore, using of surfactants in plating is improving the efficiency of codeposition process of Ni-GNS nanocomposite coatings. Table 5 tabulates the data of mechanical properties hardness of Ni/ brass and Ni-GNS/ brass in existence and nonexistence of surfactants at 30 mAcm . The maximum hardness (509 Hv) is consistent with the optimum concentration of S1. This also, resulted by increasing content of reinforce nanosheet in the coatings. The minimum hardness of coatings was relevant to the specimen in absence of GNS and surfactants (225 Hv). It reveals that GNS have an effective The adhesion performance of the investigated samples can be evaluated using scratch testing. Table 6 data refers to the appropriate standard ISO 2409. Most of the samples have the edges of the cuts are completely smooth none of the squares of the lattice is detached (class zero). While, some detachment of flakes of the coating at the intersections of the cuts are not completely smooth and referring to ISO 2409 a cross cut is not significantly greater than 5 % is attached (class one). 
Conclusion
In this paper, Ni-GNS nano composite coatings were efficaciously electrodeposited at 50°C and 30 mA cm -2 . Current density, GNS concentration and surfactants concentration are significantly affected by electrodeposition process. The optimum thickness of Ni-GNS nanocomposite coatings were increased in existence of 0.2 g L -1 and cationic surfactants (400 ppm S 1 or 300 ppm S 2 ). The existence of GNS in Ni-GNS nanocomposite coatings has been authenticated with SEM and EDX analysis.
The highest hardness value was recorded as 509 Hv for the composite coating of Ni-GNS/ with S1 compared with 495 Hv for Ni-GNS/with S2 for the other nano composite coatings, pure Ni coatings with and without GNS.
The lowest C.R. was obtained at optimum condition c.d 30 mA cm -2 , GNS 0.2 g L -1 , S1 400 ppm and S2 300 ppm in 0.6 M NaCl.
